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(54) Information device incorporating an integrated antenna for wireless communication 



(57) In this invention, a diversity antenna (22) and 
dual-band antenna (42) are attached to the display por- 
tion of the portable information device. The dual-band 
antenna is connected to a Bluetooth circuit and wireless 
LAN 802.11a reception circuit. The diversity antenna is 



connected to a wireless LAN 802.11a transmission cir- 
cuit. The Bluetooth circuit is not influenced by the wire- 
less LAN 802.11a transmission system circuit. This in- 
vention can provide a compact portable information de- 
vice. 
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Description 

[0001] The present invention relates to an information 
device which incorporates a wireless communication 
antenna and, more particularly, to a notebook type per- 5 
sonal computer which incorporates a wireless commu- 
nication antenna. 

[0002] Notebook type personal computers which in- 
corporate wireless communication antennas have con- 
ventionally been developed. For example, a notebook 
type personal computer disclosed in Jpn. Pat. Appln. 
KOKAI Publication No. 8-78931 implements a compact, 
antenna built-in notebook type personal computer by at- 
taching two slot antennas to the back surface of its liquid 
crystal display. In this prior art, the two slot antennas 
adopt a wireless LAN diversity method. 
[0003] The technique disclosed in Jpn. Pat. Appln. 
KOKAI Publication No. 8-78931 achieves downsizing by 
using a dielectric case. The antennas are mounted on 
the back surface of the housing of the liquid crystal dis- 
play due to a large antenna area. This means that radi- 
ation is strong on the back surface of the housing of the 
liquid crystal display, but weak on its front surface. 
[0004] In recent years, a short-distance wireless com- 
munication method "Bluetooth" has newly been devel- 
oped. To employ a plurality of wireless communication 
schemes in the future, many antennas must be mount- 
ed. 

[0005] Conceivable examples are a combination of a 
wireless LAN 802.11b and Bluetooth which use the 
same 2.4-GHz band, and a combination of a 5-GHz 
band wireless LAN 802.11 a and Bluetooth in the future. 
[0006] Conventionally available notebook type per- 
sonal computers having a wireless communication func- 
tion incorporate only a single wireless LAN communica- 
tion function or single PHS communication function. 
[0007] If antennas coping with a plurality of wireless 
communication functions are mounted on a convention- 
al notebook type personal computer, they cause inter- 
ference between themselves or reduce the diversity an- 
tenna effect. 

[0008] The present invention has been made in con- 
sideration of the above situation, and has as its object 
to provide a device capable of communication by a plu- 
rality of wireless communication schemes. 
[0009] To achieve the above objects, according to a 
first aspect of the invention, there is provided an infor- 
mation device comprising a body, a diversity antenna 
which is attached to the body and performs wireless 
communication in a first frequency band, and a dual- 
band antenna which is attached to the body and per- 
forms wireless communication in the first frequency 
band and a second frequency band. 
[0010] According to the present invention, the use of 
the dual-band antenna eliminates the need for the use 
of three antennas in an information device which per- 
forms wireless communication by two wireless commu- 
nication schemes including a diversity wireless commu-. 



2 

nication scheme. This can implement a compact infor- 
mation device. 

[0011] According to a second aspect of the invention, 
there is provided an information device comprising a di- 
versity antenna which performs wireless communica- 
tion in a first frequency band, a dual-band antenna which 
performs wireless communication in the first frequency 
band and a second frequency band, a transmission cir- 
cuit which outputs a transmission signal transmitted in 
the first frequency band from the diversity antenna, a 
reception circuit which receives a reception signal in the 
first frequency band that is received by the diversity an- 
tenna, a communication circuit which performs wireless 
communication in the second frequency band by using 
the dual-band antenna, a switch which is connected be- 
tween the diversity antenna and the transmission and 
reception circuits, connects the transmission circuit to 
the diversity antenna when a signal is output from the 
transmission circuit, and connects the reception circuit 
to the diversity antenna when a signal is received by the 
reception circuit, a first filter which is connected to the 
dual-band antenna and passes a signal in the first fre- 
quency band, a second filter which is connected be- 
tween the dual-band antenna and the communication 
circuit and passes a signal in the second frequency 
band, and a diversity switch which compares reception 
power of a signal that has been received by the dual- 
band antenna and have passed through the first filter 
with reception power of a signal which has been re- 
ceived by the diversity antenna and has passed through 
the switch, and outputs a larger-power signal to the re- 
ception circuit. 

[0012] According to the present invention, the dual- 
band antenna is used for reception of wireless commu- 
nication in the first frequency band and for transmission 
and reception in the second frequency band. Even high 
transmission power in the first frequency band hardly 
influences wireless communication in the second fre- 
quency band. 

[0013] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0014] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a block diagram showing the RF circuit of 
a notebook type personal computer according to an 
embodiment of the present invention; 
FIG . 2 is a view showing the structure of the antenna 
board of a dual-band antenna mounted on the note- 
book type personal computer according to the em- 
bodiment of the present invention; 
FIG. 3 is a circuit diagram showing the equivalent 
circuit of an LPF; 

FIG. 4 is a perspective view showing the antenna 
board shown in FIG. 2 that is attached to the back 



EP 1 294 048 A2 



15 



20 



25 



30 



35 



40 



45 



50 



2 



3 



EP 1 294 048 A2 



4 



surface of the liquid crystal panel of the notebook 
type personal computer; 

FIG. 5 is a sectional view showing a display portion 
where the antenna board shown in FIG. 4 is mount- 
ed; 

FIG. 6 is a view for explaining the mounting position 
of a wireless LAN 802.11a dedicated antenna and 
that of a dual-band antenna common to the wireless 
LAN 802.11a and Bluetooth; and 
FIG. 7 is a block diagram showing the hardware ar- 
rangement of the notebook type personal computer 
according to the embodiment of the present inven- 
tion. 

[0015] A notebook type personal computer which in- 
corporates a wireless communication antenna accord- 
ing to an embodiment of the present invention will be 
described below with reference to the several views of 
the accompanying drawing. 

[001 6] This embodiment will explain a notebook type 
personal computer which incorporates a dual-band an- 
tenna capable of transmission/reception in two bands, 
i.e., the5-GHz band of a wireless LAN 802.11a and the 
2.4-GHz band of Bluetooth, and a diversity antenna ca- 
pable of transmission/reception in the 5-GHz band. 
[001 7] FIG. 1 is a block diagram showing the RF (Ra- 
dio Frequency) circuit of the notebook type personal 
computer according to the embodiment of the present 
invention. 

[0018] As shown in FIG. 1 , the RF circuit of the note- 
book type personal computer according to the embodi- 
ment comprises a wireless LAN 802.11a transmission 
system circuit 1 , a wireless LAN 802.11a reception sys- 
tem circuit 2, an RF switch 3, a diversity switch 4, a Blue- 
tooth circuit 5, a 5-GHz band BPF 6, a 2.4-GHz band 
BPF 7, an antenna 8 dedicated to the wireless LAN 
802.11a, and a dual-band antenna 9 common to the 
wireless LAN 802.11a and Bluetooth. 
[0019] The wireless LAN 802.11a transmission sys- 
tem circuit 1 outputs a 5-GHz band transmission signal. 
The wireless LAN 802.1 1 a reception system circuit 2 re- 
ceives a 5-GHz band reception signal. 
[0020] The RF switch 3 switches between the wire- 
less LAN 802.11a transmission system circuit 1 and the 
wireless LAN 802.11a reception system circuit 2 on the 
basis of a control signal from the system. More specifi- 
cally, the RF switch 3 connects the wireless LAN 
802.11a transmission system circuit 1 to the wireless 
LAN 802.11a dedicated antenna 8 to transmit a signal 
by the wireless LAN 802.11a scheme; it connects the 
wireless LAN 802.11a dedicated antenna 8 to the wire- 
less LAN 802.11a reception system circuit 2 to receive 
a signal by that scheme. 

[0021] The diversity switch 4 compares the reception 
power of a signal input from the wireless LAN 802.11a 
dedicated antenna 8 via the RF switch 3 with that of a 
signal input from the dual-band antenna 9 via the 5-GHz 
BPF 6. Then, the diversity switch 4 outputs a signal hav- 



ing a larger reception power to the wireless LAN 802. 1 1 a 
reception system circuit 2. 

[0022] The wireless LAN 802.11a dedicated antenna 
8 and dual-band antenna 9 constitute a diversity anten- 
5 na. 

[0023] The 5-GHz band BPF 6 separates a 5-GHz 
band signal used in the wireless LAN 802.11a from an 
output from the dual-band antenna 9. The 5-GHz band 
BPF 6 outputs the separated 5-GHz band signal to the 

10 diversity switch 4. 

[0024] The 2.4-GHz band BPF 7 separates a 2.4-GHz 
band signal used in Bluetooth from an output from the 
dual-band antenna 9. The 2.4-GHz band BPF 7 outputs 
the separated 2.4-GHz band signal to the Bluetooth cir- 

15 cuit5. 

[0025] The notebook type personal computer accord- 
ing to the embodiment can realize a compact device and 
cost reduction because a diversity antenna can be con- 
structed not by three antennas but by two antennas in 
20 a notebook type personal computer using two wireless 
communication schemes including a diversity wireless 
communication scheme. 

[0026] A signal which adversely affects a Bluetooth 
wireless circuit in the common dual-band antenna 9 for 
25 only reception in the wireless LAN 802.11a and both 
transmission and reception in Bluetooth is only a recep- 
tion signal in the low-power-level wireless LAN 802.11 a. 
Hence, the influence a reception signal in the low-pow- 
er-level wireless LAN 802.11a has on the Bluetooth 
30 wireless circuit can be reduced. 

[0027] To the contrary, a high-power-level signal 
around +20 dBm is processed in an arrangement in 
which the Bluetooth wireless circuit shares an antenna 
with the wireless LAN 802.1 1 a transmission system cir- 
35 cuit. This increases the interference or spurious influ- 
ence. 

[0028] FIG. 2 is a view showing the structure of the 
antenna board of the dual-band antenna mounted on 
the notebook type personal computer according to the 
40 embodiment of the present invention. 

[0029] As shown in FIG. 2, the antenna board of the 
dual-band antenna comprises on a single-side glass 
epoxy board 21 a dual-band antenna 22, a matching in- 
ductor 23, and a coaxial connector 24 for connecting a 
45 main body module. 

[0030] The ground shape of the single-side glass 
epoxy board 21 is divided into two. A first divided ground 
pattern 25 has a peripheral length corresponding to 0.75 
to 1 .25 wavelengths in a frequency band of 5.1 5 to 5.35 
so GHz in order to ensure a stable band in a high frequency 
band, i.e., the 5-GHz band of the wireless LAN 802.11a. 
[0031] To ensure a stable band even in the 2.4-GHz 
band, the first divided ground pattern 25 and a second 
ground pattern 26 are connected via an LPF (Low Pass 
55 Filter) 27 like an equivalent circuit in FIG. 3. The LPF 27 
transmits a 2.4-GHz band signal and cuts off a 5-GHz 
band signal. 

[0032] The two ground patterns are connected at a 
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high frequency in the 2.4-GHz band, and the entire 
ground pattern resonates in the 2.4-GHz band. For this 
purpose, the total peripheral length of the ground pattern 
is adjusted to 0.75 to 1 .25 wavelengths in the 2.4-GHz 
band. 5 
[0033] As shown in FIG. 2, the total peripheral length 
of the first ground pattern 25 is 64 mm, which corre- 
sponds to about 1.11 wavelengths in the frequency band 
of the wireless LAN 802. 1 1 a. The total peripheral length 
of the first and second ground patterns is 1 28 mm, which 
corresponds to about 1 .04 wavelengths in the frequency 
band of Bluetooth. 

[0034] This board structure realizes good antenna in- 
put impedance matching in both the 5-GHz band of the 
wireless LAN 802.11a and the 2.4-GHz band of Blue- 
tooth, and can obtain stable antenna transmission/re- 
ception performance. 

[0035] The two ground patterns are connected by the 
LPF 27 in the description of the antenna board, but may 
be connected by an inductor. The antenna board shown 
in FIG. 2 has an inductor value of about 1 [nH]. 
[0036] FIG. 4 is a perspective view showing the an- 
tenna board shown in FIG. 2 that is attached to the back 
surface of the liquid crystal panel of the notebook type 
personal computer FIG. 5 is a sectional view showing 
a display portion wherethe antenna board shown in FIG. 
4 is mounted. The same reference numerals as in FIG. 
2 denote the same parts. 

[0037] A method of attaching the antenna board of the 
dual-band antenna has been described. The antenna 
board of the wireless LAN antenna can also be attached 
to the liquid crystal panel by the same method as that 
of the antenna board of the dual-band antenna. 
[0038] As shown in FIGS. 4 and 5, the antenna board 
21 is mounted on the back surface of a liquid crystal pan- 
el 31 such that a chip antenna 22 attached to the anten- 
na board 21 is positioned above the liquid crystal panel 
31 . The interval between the upper end of the liquid crys- 
tal panel 31 and the chip antenna 22 is 3 [mm]. 
[0039] This layout of the chip antenna 22 can prevent 
the difference in radiation characteristic between the 
front and back surfaces. The display portion including 
the liquid crystal panel can be made thin. 
[0040] The antenna board 21 is fixed to a housing 32 
by fixing portions 33a and 33b formed in the housing 32 
of the display portion of the portable information device. 
Note that the antenna board is fixed by the fixing por- 
tions formed in the housing in this embodiment, but the 
method of fixing the antenna board to the housing is not 
limited to this. The antenna board suffices to be fixed to 
the housing such that the chip antenna attached to the 
antenna board is positioned above the liquid crystal pan- 
el. 

[0041] By attaching the antenna board to the liquid 
crystal panel, a low housing profile can be maintained. 
An omnidirectional radiation characteristic can be at- 
tained without any difference between the liquid crystal 
display surface and the back surface. Since the antenna 



can be set at a high position, a transmission/reception 
environment almost free from the influence of the sur- 
rounding environment can be obtained. 
[0042] FIG. 6 is a view for explaining the mounting po- 
sition of the wireless LAN 802.11a dedicated antenna 
and that of the dual-band antenna common to the wire- 
less LAN 802.11a and Bluetooth. The same reference 
numerals as in FIGS. 2 and 4 denote the same parts. 
[0043] As shown in FIG. 6, the antenna board 21 of 
the common dual-band antenna and an antenna board 
41 of the wireless LAN 802.11a dedicated antenna are 
attached to the housing 32 on the back surface of the 
liquid crystal panel 31 of the display portion pivotally at- 
tached to a main body 51 of the notebook type personal 
computer via hinges 52. Similar to the antenna board 
shown in FIG. 2, the antenna board 41 of the wireless 
LAN 802.11a dedicated antenna comprises a chip an- 
tenna 42 and coaxial connector 44. 
[0044] The distance between the wireless LAN anten- 
na 42 and the dual-band antenna 22 that are attached 
above the liquid crystal display 31 must be 3/4A, or more 
and satisfy (2n+1)/4X (n = 1, 2, 3,...) in order to obtain 
the diversity effect. 

[0045] The two antennas are preferably as apart from 
each other as possible in order to reduce interference 
between them. For example, for an A4-size notebook 
type personal computer n = 5 or n = 6 is desirable. For 
n = 5, the antenna interval is set to 160 mm, as shown 
in FIG. 6. 

[0046] An output from the dual-band antenna 22 is in- 
put to a Bluetooth wireless module 63 via the coaxial 
connector 24 and a coaxial cable 61 . An output from the 
wireless LAN 802.11a dedicated antenna 42 is input to 
a wireless LAN module 64 via the coaxial connector 44 
and a coaxial cable 62. 

[0047] The wireless LAN module 64 includes the wire- 
less LAN 802.11a transmission system circuit 1 and RF 
switch 3 shown in FIG. 1 . The Bluetooth wireless module 
63 includes the wireless LAN 802.11a reception system 
circuit 2, diversity switch 4 : Bluetooth circuit 5, 5-GHz 
band BPF 6, and 2.4-GHz band BPF 7. 
[0048] This arrangement can reduce interference be- 
tween the antennas and the influence of spurious noise, 
and can fully exhibit the diversity effect of the wireless 
LAN antenna. The single-side glass epoxy board is set 
on the back surface of the liquid crystal panel 31 , and 
the antennas project to the front surface of the liquid 
crystal panel. This structure can attain a good-balance 
radiation characteristic on both the front and back sur- 
faces without increasing the housing thickness. 
[0049] FIG. 7 is a block diagram showing the hard- 
ware arrangement of the notebook type personal com- 
puter according to the embodiment of the present inven- 
tion. FIG. 7 shows only the features of this embodiment 
and does not show a keyboard controller, display con- 
troller, and the like which are the essential functions of 
the notebook type personal computer. 
[0050] As shown in FIG. 7, the wireless LAN dedicat- 
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ed antenna 42 attached to the back surface of the liquid 
crystal panel of the display portion 32 is connected to 
the wireless LAN module 64 via the coaxial cable 62 
connected to the coaxial connector 44. 
[0051] The dual-band antenna 22 attached to the 
back surface of the liquid crystal panel of the display 
portion is connected to the Bluetooth module 63 via the 
coaxial cable 61 connected to the coaxial connector 24. 
[0052] The Bluetooth wireless module 63 and wire- 
less LAN module 64 are connected to a CPU bus 71 . 
The CPU bus 71 is connected to a CPU 45 for controlling 
the overall notebook type personal computer, and a 
memory 72 for storing transmission data to the dual- 
band antenna 22 and wireless LAN dedicated antenna 
42. 

[0053] The wireless LAN module 64 includes the wire- 
less LAN 802.11a transmission system circuit 1 and RF 
switch 3 shown in FIG. 1 . The Bluetooth wireless module 
63 includes the wireless LAN 802.11a reception system 
circuit 2, diversity switch 4, Bluetooth circuit 5, 5-GHz 
band BPF 6, 2.4-GHz band BPF 7, and dual-band an- 
tenna 9. 

[0054] The notebook type personal computer of the 
embodiment enables wireless communication by two 
wireless communication schemes. Even if one commu- 
nication scheme uses two diversity antennas, only two 
antennas meet this demand by using a dual-band an- 
tenna. The notebook type personal computer can be 
made compact, and the cost can be reduced. 
[0055] The dual-band antenna 9 is shared between 
the Bluetooth circuit 5 and wireless LAN 802. 1 1 a recep- 
tion system circuit 2. The notebook type personal com- 
puter is almost free from the influence of spurious noise 
or interference with the wireless LAN 802.11a transmis- 
sion system circuit 1 which uses a higher-power-level 
signal. 

[0056] The present invention is not limited to the 
above-described embodiment; and can be variously 
modified without departing from the spirit and scope of 
the invention in practical use. 

[0057] As has been described above, the present in- 
vention can provide an information device in which a du- 
al-band antenna that covers two bands and a diversity 
antenna are attached to the display portion of the port- 
able information device, stable input impedance match- 
ing is achieved in the two bands, interference between 
the two wireless schemes or the influence of spurious 
noise is suppressed, and reduction in diversity effect 
can be prevented. 

[0058] The present invention can provide an informa- 
tion device capable of communication by a plurality of 
wireless communication schemes. Also, the present in- 
vention can provide an information device with a good 
radio emission characteristic. 



Claims 

1 . An information device characterized by compris- 
ing: 

5 

a body; 

a diversity antenna (22) which is attached to 
said body and performs wireless communica- 
tion in a first frequency band; and 
10 a dual-band antenna (42) which is attached to 

said body and performs wireless communica- 
tion in the first frequency band and a second 
frequency band. 

15 2. A device according to claim 1 , characterized in 
that 

said diversity antenna includes a wireless 
LAN antenna, and 

said dual-band antenna includes an antenna 
20 for a wireless LAN and Bluetooth. 

3. A device according to claim 1 , characterized in 
that 

said body has a display portion comprising a 
25 liquid crystal panel and a housing for fixing the liquid 
crystal panel, 

said diversity antenna is attached to a first an- 
tenna board, 

said dual band antenna is attached to a sec- 
30 ond antenna board, and 

the first and second antenna boards are at- 
tached to the housing so as to position said diversity 
antenna and said dual band antenna above the liq- 
uid crystal panel with a predetermined interval. 

35 

4. A device according to claim 3, characterized in 
that 

the second antenna board has two ground 

patterns, 

one ground pattern has a peripheral length of 
the two ground pattern has substantially 0.75 to 
1 .25 wavelengths at the first frequency, 

a total peripheral length of the two ground pat- 
terns has substantially corresponding to 0.75 to 
45 1 .25 wavelengths at the second frequency, and 

the two ground patterns are connected via a 
filter which passes a frequency not more than the 
first frequency. 

50 5. A device according to claim 1, characterized in 
that 

said dual-band antenna is used for reception 
of wireless communication in the first frequency 
band and for transmission and reception of wireless 
55 communication in the second frequency band, and 

said diversity antenna is used for transmis- 
sion and reception of wireless communication in the 
first frequency band. 
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6. An information device characterized by compris- 
ing: 

a diversity antenna which performs wireless 
communication in a first frequency band; 5 
a dual-band antenna which performs wireless 
communication in the first frequency band and 
a second frequency band; 
a transmission circuit which outputs a transmis- 
sion signal transmitted in the first frequency 10 
band from said diversity antenna; 
a reception circuit which receives a reception 
signal in the first frequency band that is re- 
ceived by said diversity antenna; 
a communication circuit which performs wire- is 
less communication in the second frequency 
band by using said dual-band antenna; 
a switch which is connected between said di- 
versity antenna and said transmission and re- 
ception circuits, connects said transmission cir- 20 
cuit to said diversity antenna when a signal is 
output from said transmission circuit, and con- 
nects said reception circuit to said diversity an- 
tenna when a signal is received by said recep- 
tion circuit; 25 
a first filter which is connected to said dual- 
band antenna and passes a signal in the first 
frequency band; 

a second filter wh ich is connected between said 
dual-band antenna and said communication 30 
circuit and passes a signal in the second fre- 
quency band; and 

a diversity switch which compares reception 
power of a signal that is received by said dual- 
band antenna and passed through said first fil- 35 
ter with reception power of a signal which is re- 
ceived by said diversity antenna and passed 
through said switch, and outputs a larger-power 
signal to said reception circuit. 

40 

7. A device according to claim 6, characterized in 
that 

said transmission and reception circuits per- 
form wireless communication in accordance with a 
wireless LAN 802. 1 1 a standard, and 45 

said communication circuit performs wireless 
communication in accordance with a Bluetooth 
standard. 



second ground patterns, and passes the sec- 
ond signal; and 

an antenna connected to the first and second 
ground patterns. 

9. A board according to claim 8, characterized in that 

said antenna board is arranged on a back sur- 
face of a liquid crystal panel of a display portion of 
a portable information device, and 

said antenna is arranged above the liquid 
crystal panel. 

1 0. A board according to claim 8, characterized In that 

the first and second ground patterns have a 
total peripheral length corresponding to substantial- 
ly 0.75 to 1.25 wavelengths of the second signal, 
and 

the first ground pattern has a peripheral length 
corresponding to substantially 0.75 to 1.25 wave- 
lengths of the first signal. 

1 1 . A board according to claim 8 : characterized in that 

said filter includes an inductor. 

1 2. A board according to claim 8 : characterized in that 

said antenna board includes a single-side glass 
epoxy. board. 



8. An antenna board characterized by comprising: so 

a first ground pattern to obtain a first signal in 
a first frequency band; 

a second ground pattern to obtain a second sig- 
nal in a frequency band lower than the first fre- 55 
quency band together with the first ground pat- 
tern; 

a filter which is connected between the first and 
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